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Abstract
Purpose To evaluate the correlation between avascular necrosis (AVN) and the amount (severity) and direction (translation and
angulation) of initial displacement of pediatric femoral neck fractures.
Methods We retrospectively reviewed 108 pediatric patients (mean age 10.3 ± 4.1 years) with femoral neck fractures. The
amount of initial translation (T) and angulation (A) was measured on anteroposterior (AP; TAP% and AAP) and lateral (TL%
and AL) radiographs. The direction of translation was determined on AP (medial or lateral) and lateral radiographs (anterior or
posterior). Furthermore, the presence of a comminuted medial cortex on the AP pelvis radiograph was also recorded. Logistic
regression analysis, receiver operating characteristic (ROC) curve analysis, student’s t tests, and chi-square tests were used to
evaluate the correlation between AVN and the severity and direction of displacement.
Results Twenty-eight out of 108 hips (25.9%) developed AVN of the femoral head. Logistical regression analysis indicated that
TAP%, TL%, AAP, and AL were risk factors for AVN (P < 0.05). The analysis of ROC curves found that TAP% over 37.4% and
TL% over 29% were the cut-off values for an increased incidence of AVN; similarly, AAP over 8° and AL over 18.6° were the cut-
off values for an increased incidence of AVN. The amount of initial translation is a better predictor of AVN than angulation is;
fractures with posterior translation (P = 0.002) and/or medial comminution had a significantly higher incidence of AVN (P =
0.005). The mean diagnostic accuracy of translation (74–75%) was significantly higher than that of angulation (65–66%).
Conclusions Displacement severity and direction are important radiological parameters to be assessed in children with femoral
neck fractures. Initial translation better predicts AVN than angulation does. Posterior translation and medial comminution are
associated with an increased risk of AVN.
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Introduction
Pediatric femoral neck fractures are relatively rare (0.3 to 0.5%
of all pediatric fractures), although they are frequently associ-
ated with complications [1–3]. The most common and dis-
abling complication is avascular necrosis (AVN) of the femoral
head, which directly results in long-term morbidity [4, 5].
Previous studies have reported several risk factors for AVN
in children with femoral neck fracture, including age, fracture
displacement, time to surgery, reduction method, and quality
of reduction [4–6]. Although several reports have indicated
the amount of initial displacement as an important, indepen-
dent predictive factor for AVN in pediatric femoral neck frac-
tures [4, 7, 8], other studies have reported different findings
with conflicting results [9, 10]. This outcome may be attribut-
ed to the lack of adequate sample size (e.g., less than 70 pa-
tients in previous studies) and the inconsistent definition of
displacement [4, 7–11]. Although a recent meta-analysis (6
articles and 230 patients) identified the amount of initial dis-
placement as a risk factor for AVN, the heterogeneity among
the different included studies contributed to a weakened con-
clusion of this research [8].
At present, most studies have evaluated the effect of dis-
placement on the incidence of AVN by assessing fractures as
“displaced” or “not displaced” [4, 7–10]. However, this meth-
od of evaluating displacement does not provide any informa-
tion on the amount (severity) or the direction of displacement
(translation and angulation). As a result, it is difficult to eval-
uate whether any correlation exists between the amount of
initial displacement and the incidence of AVN in children
sustaining proximal femur fractures.
In this multicenter investigation, we aimed to evaluate the
potential correlation between the occurrence of AVN and the
amount (severity) and direction (translation and angulation) of
the initial displacement of pediatric femoral neck fractures.
Materials and methods
After securing Institutional ReviewBoard (IRB) approval (ap-
proval no. 20190301), we retrospectively reviewed the medi-
cal records of 327 children with femoral neck fractures who
were admitted from March 2010 to May 2017 to eight insti-
tutions. Detailed demographic and clinical data are shown in
Table 1 (Table 1).
The inclusion criteria were as follows: 1) diagnosis of fem-
oral neck fracture, 2) age less than 17 years at the time of injury,
3) reduction within 14 days of trauma, 4) follow-up duration
longer than 12 months, 5) complete clinical and radiographic
data, and 6) standard preoperative AP and cross-table or frog-
leg lateral pelvic radiographs [11, 12]. Patients with a concom-
itant neuromuscular condition, pathological fracture, more than
14 days between the injury and the time of reduction,
incomplete medical records and/or imaging data, or a follow-
up of less than 12 months were excluded from the analysis.
A total of 108/327 patients (108 fractures; 38 females and
70 males) met the inclusion criteria (33%). The average age at
the time of injury was 10.3 ± 4.1 years (range, 2 to 16), and the
mean follow-up durationwas 21.5 ± 13.0months (range, 12 to
68). The mechanisms of injury included motor vehicle acci-
dent in 22 fractures (20.4%), falling from a height in 47 frac-
tures (43.5%), sports-related injury in 32 fractures (29.6%),
and other causes in 7 fractures (6.5%) (Table 1).
The remaining 219 patients (67%) were excluded due to
concomitant diagnosis of pathological femoral fractures (7 pa-
tients, 2.1%), diagnosis of slipped capital femoral epiphysis
(SCFE) (2 patients, 0.6%), more than 14 days between the injury
and time of reduction (13 patients, 4.0%), follow-up less than 6
months (12 patients, 3.7%), incomplete clinical or radiographic
data (54 patients, 16.5%), and the preoperative anteroposterior
(AP) pelvis radiographs not allowing proper measurement of
translation and angulation (131 patients, 40.1%).
Pediatric femoral neck fractures were classified according
to the system described by Delbet and adapted by Colonna
[13]. Eighty hips (74.1%) were type II (trans-cervical), and 28
hips (25.9%) were type III (cervico-trochanteric) fractures.
The amount and direction of initial fracture displacement
(translation and angulation) were measured on AP and lateral
pelvis radiographs.
Translation is themovement of the proximal and distal bone
fragments away from each other; it is described using the width
of the distal bone fragment as a context and expressed as a
percentage. In particular, translation was measured on both
AP (TAP%) and lateral (TL%) radiographs (Fig 1).
Angulation is the angle between the proximal and distal
fragment and is expressed in degrees. In particular, angulation
expresses the angle between the proximal and distal fracture
lines on both AP (AAP) and lateral (AL) radiographs; the angle
between the distal fracture line and the femoral shaft axis
(AFFAP) on AP radiographs was also measured (Fig. 1).
Additionally, the direction of translation was evaluated on
both AP (no translation, medial translation, or lateral transla-
tion) and lateral radiographs (no translation, anterior translation,
or posterior translation) (Fig. 2). Furthermore, the presence of a
comminuted medial cortex on the AP pelvis radiograph was
also recorded. Two experienced pediatric orthopedic surgeons
(WWT and LYQ) measured these parameters independently,
and their mean values were used in the statistical analysis.
All measurements were performed using the Picture
Archiving and Communication Systems (PACS; GE, USA).
Sixty-one hips (56.5%) were treated through closed reduc-
tion and internal fixation (CRIF), and the other 47 hips
(43.5%) underwent open reduction and internal fixation
(ORIF). Eighty-eight fractures (81.5%) were managed by can-
nulated screw fixation, and the remaining 20 fractures (18.5%)
underwent screw and plate fixation.
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According to Song’s classification system [14], reduction
quality was divided into three groups: 1) anatomical reduc-
tion, reduction with no displacement or angular deformity, 2)
acceptable reduction, reduction with displacement of less than
2 mm or angular deformity within 20° of the normal neck-
shaft angle, and 3) unacceptable reduction, reduction with
displacement of more than 2 mm or angular deformity of more
than 20° of the normal neck-shaft angle.
At the final follow-up visit, AVN of the femoral head was
assessed on AP and lateral radiographs. The presence of AVN
and the degree of vascular involvement according to Ratliff’s
classification [15] were evaluated by two independent raters
who were not involved in the care of any of the patients (FC
and CSY). If the raters could not come to an agreement, a
discussion with at least three other senior pediatric orthopedic
surgeons was performed.
Table 1 Demographics of the patients among different hospitals
FSHTCM CHCQMU FZSHXMU HNCH Others Total
Patients (Hips) 43(43) 19(19) 17(17) 19(19) 10(10) 108(108)
Gender (Male/Female) 27/16 17/2 10/7 9/10 7/3 70/38
Age (months) 11.9 ± 3.6 10.7 ± 4.2 9.9 ± 3.2 8.4 ± 3.8 6.9 ± 4.6 10.3 ± 4.1
Laterality (L/R/B) 29/14/0 10/9/0 10/7/0 11/8/0 5/5/0 65/43/0
Mechanism of injury (TA/Fa/Sp/Ots) 10/19/12/2 5/8/5/1 3/6/6/2 2/10/5/2 2/4/4/0 22/47/32/7
Type of fracture (Delbet I/II/III/IV) 0/34/9/0 0/16/3/0 0/11/6/0 0/13/6/0 0/6/4/0 0/80/28/0
Time from trauma to reduction(days) 2.9 ± 1.0 4.8 ± 3.4 2.7 ± 1.7 1.5 ±0 .6 4.9 ± 3.5 3.1 ± 2.3
Reduction methods (CRIF/ORIF) 36/7 3/16 3/14 11/8 8/2 61/47
Fixation methods (K/S/P) 0/43/0 0/19/0 0/3/14 0/17/2 0/6/4/0 0/88/20
Reduction quality (An/Ac/Uac) 19/19/5 6/12/1 9/5/3 10/8/1 4/3/3 48/47/13
Follow up time(months) 23.0 ± 14.2 20.9 ± 10.6 19.4 ±1 1.0 18.4 ± 13.1 25.4 ± 14.7 21.5 ± 13.0
AVN (No/Yes) 30/13 13/6 14/3 16/3 7/3 80/28
AVN rate (%) 30.2 31.6 17.7 15.8 30.0 25.9
FSHTCM, Foshan Hospital of Traditional Chinese Medicine; CHCQM, Children’s Hospital of Chongqing Medical University; FZSHXMU, Fuzhou
Second Hospital Affiliated to Xiamen University; HNCH, Hunan Children’s Hospitall; Others, including Wuhan Union Hospital, TongJi Hospital of
TongJi Medical College of Huazhong University of Science and Technology, Guangzhou Women and Children’s Medical Center, and Shenzhen
Children’s Hospital
L, left; R, right; B, bilateral
TA, traffic accident; Fa, fall; Sp, sports; Ot, others
CRIF, closed reduction and internal fixation; ORIF, open reduction and internal fixation
K, K-wire; S, screw; P, plate
An, anatomical; Ac, acceptable; Uac, unacceptable
Fig. 1 Initial translation,
expressed as a percentage, was
measured on both AP (a1/
b1*100%) (A) and lateral
radiographs (a2/b1 100%) (B).
The initial angulation (in degrees)
between the proximal and distal
fragments was assessed on both
AP (β1) (C) and lateral
radiographs (β2) (D). The angle
(AFFAP) was measured between
the distal fracture line (line a) and
the femoral shaft axis (line b) on
the AP radiograph (E)
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Statistical analysis
Statistical analysis was performed using the statistics package
SPSS 13.0 (SPSS, Chicago, IL, USA). The data are expressed
as numerical variables and frequencies and percentages as the
means and standard deviations. Spearman correlation analysis
was used to evaluate the correlation of initial displacement with
the type of fracture, reduction quality and degree of vascular
involvement. Logistical regression analysis and Student’s t tests
were used to evaluate the correlation between the incidence of
AVN and the amount of initial displacement (TAP%, TL%, AAP,
AL, and AFFAP) and the time to reduction. Then, receiver oper-
ating characteristic (ROC) curve analysis was used to determine
the cut-off value and corresponding sensitivity, specificity, and
diagnostic accuracy. Chi-square tests were used to assess the
effect of displacement direction and comminuted fracture at the
medial and posterior cortices and the time to reduction as well
as the quality of reduction on the incidence of AVN. The level
of statistical significance was set at P < 0.05.
Results
A total of 108 fractures were included. Anatomical reduction
was achieved in 48 fractures (44.4%), acceptable reduction in
47 fractures (43.5%), and unacceptable reduction in 13 frac-
tures (12%). The quality of reduction was similar among pa-
tients with AVN or without (χ2 = 0.348; P = 0.863). The mean
time from trauma to treatment was 3.1 ± 2.3 days (range, 1 to
13). Fifteen fractures (13.9%) were treated within the first 24 h
of trauma, 40 within 48 h (37%), 26 within 72 h (24.1%), 10
within 96 h (9.3%), and 11 fractures between 5 and 7 days
from trauma (9.2%); only 7 fractures were treated more than 1
week after initial trauma (6.5%). However, the timing of frac-
ture fixation in patients with AVNwas similar to those without
AVN (t = 0.567; P = 0.572). Moreover, the AVN rate in pa-
tients treated within 24 h from injury was comparable to those
treated beyond 24 h (Fisher; P = 0.755).
Spearman’s correlation analysis identified that the type of
fracture positively correlated with TAP% (P = 0.019) and TL%
(P = 0.004); no significant correlation between AAP, AL, and
AFFAP and the type of fracture was found (P > 0.05). However,
patients with type III (21.4%) and type II fractures (27.5%) had
similar AVN rate (χ2 = 0.398; P = 0.528). Additionally,
Spearman’s correlation analysis identified that the quality of
reduction negatively correlated with TAP%, TL%, AAP, and AL
(P < 0.05) (Table 2); no significant correlation between AFFAP
and the quality of fracture was found (P = 0.722).
Twenty-eight out of 108 hips (25.9%) developed AVN of
the femoral head; according to Ratliff’s classification, 10 hips
(35.7%) were type I (total collapse of the epiphysis), and the
remaining 18 hips (64.3%) were type II (minimal collapse of
the epiphysis). Fisher’s exact test did not show any significant
difference among the included institutions (P = 0.662).
Logistical regression analysis indicated that TAP%, TL%,
AAP, and AL were important risk factors for AVN (P < 0.05),
Fig. 2 The direction of translation
was evaluated on both AP. (a No
translation; b Medial translation;
or c Lateral) and lateral
radiographs (d No translation; e
Anterior translation; or f Posterior
translation)
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while AFFAP was not a risk factor for AVN in children with
proximal femur fractures (Table 3). Student’s t tests also con-
firmed these findings (Table 4).Similarly, Spearman’s correla-
tion analysis indicated that the degree of vascular involvement
positively correlated with TAP%, TL%, AAP, and AL (P < 0.05)
(Table 5); on the other hand, no significant correlation be-
tween AFFAP and the degree of vascular involvement was
found (P = 0.701). The ROC curve analysis showed that
TAP% over 37.4% and TL% over 29% were the cut-off values
for increased incidence of AVN; similarly, AAP over 8° and AL
over 18.6° were the cut-off values for an increased incidence
of AVN. Chi-square tests also confirmed these findings
(Table 6). Additionally, the ROC curve analysis indicated that
the amount of initial translation is a better predictor of AVN
than angulation is, as the mean diagnostic accuracy of TAP%
and TL% (74%–75%) were significantly better than that of
AAP and AL (65%–66%) (Table 7).
Table 3 Results of logistic regression analysis for AVN according to the
severity of initial displacement
Index AVN t P
Yes No
TAP (%) 30.3 ± 19.2 20.8 ± 18.6 2.313 0.023
#
TL (%) 40.9 ± 26.8 20.3 ± 25.0 3.684 < 0.001
#
AAP (°) 35.5 ± 18.3 18.8 ± 25.9 3.164 0.002
#
AL (°) 52.6 ± 27.7 22.0 ± 23.6 5.645 < 0.001
#
AFFAP (°) 56.2 ± 13.3 56.9 ± 13.8 0.251 0.802
TAP, percentage of translation related to distal fracture line on AP view of
radiographs
TL, percentage of translation related to distal fracture line on lateral view
of radiographs
AAP, the angle between the fracture lines on AP view of radiographs
AL, the angle between the fracture lines on lateral view of radiographs
AFFAP, the angle between the distal fracture line and the femoral shaft
axis on AP view of radiographs
AVN, avascular necrosis
S.E, standard error
RR, relative risk
CI, confidence interval
# p < 0.05
Table 4 Analysis of AVN according to the amount of TAP, TL, AAP, AL,
and AFFAP
Coefficient S.E. Wald P RR 95% CI
TAP 0.026 0.012 4.790 0.029
# 1.026 1.003, 1.050
TL 0.027 0.008 10.656 0.001
# 1.028 1.011, 1.045
AAP 0.025 0.009 8.353 0.004
# 1.026 1.008, 1.044
AL 0.041 0.009 19.996 < 0.001
# 1.042 1.023, 1.061
AFFAP − 0.004 0.016 0.064 0.800 0.996 0.964, 1.028
TAP, percentage of translation related to distal fracture line on AP view of
radiographs
TL, percentage of translation related to distal fracture line on lateral view
of radiographs
AAP, the angle between the fracture lines on AP view of radiographs
AL, the angle between the fracture lines on lateral view of radiographs
AFFAP, the angle between the distal fracture line and the femoral shaft
axis on AP view of radiographs
AVN, avascular necrosis
# p < 0.05
Table 2 Spearman’s correlation analysis of initial displacement with
quality of reduction
Initial displacement Correlation coefficient P
TAP (%) − 0.386 < 0.001#
TL (%) − 0.395 < 0.001#
AAP (°) − 0.275 0.004#
AL (°) − 0.253 0.008#
AFFAP (°) − 0.035 0.722
TAP, percentage of translation related to distal fracture line on AP view of
radiographs
TL, percentage of translation related to distal fracture line on lateral view
of radiographs
AAP, the angle between the fracture lines on AP view of radiographs
AL, the angle between the fracture lines on lateral view of radiographs
AFFAP, the angle between the distal fracture line and the femoral shaft
axis on AP view of radiographs
# p < 0.05
Table 5 Spearman’s correlation analysis of initial displacement and
degree of vascular involvement
Index Value AVN (n) χ2 P
Yes No
TAP > 37.4% 12 16 1.484 0.002
#
≤ 37.4% 11 69
TL > 29% 20 20 19.172 < 0.001
#
≤ 29% 8 60
AAP > 8° 27 36 22.570 < 0.001
#
≤ 8° 1 44
AL > 18.6° 25 33 19.249 < 0.001
#
≤ 18.6° 3 47
TAP, percentage of translation related to distal fracture line on AP view of
radiographs
TL, percentage of translation related to distal fracture line on lateral view
of radiographs
AAP, the angle between the fracture lines on AP view of radiographs
AL, the angle between the fracture lines on lateral view of radiographs
AFFAP, the angle between the distal fracture line and the femoral shaft
axis on AP view of radiographs
# p < 0.05
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The chi-square test did not find any significant difference in
the incidence of AVN between the medial and lateral transla-
tion AP radiograph views (χ2 = 2.039, P = 0.363). However,
posterior translation led to a significantly higher incidence of
AVN than anterior translation did (χ2 = 12.111, P = 0.002)
(Table 8).
In addition, chi-square tests showed that fractures with a
comminuted medial cortex on AP radiographs (16 hips;
14.8%) were significantly associated with an increased rate
of AVN compared with those without (92 hips; 85.2%) (χ2
= 8.994, P = 0.005; Table 9). On the other hand, the rate of
AVN of fractures with a comminuted posterior cortex on lat-
eral radiographs of (19 hips; 17.6%) was similar to those
without (89 hips; 82.4%) (χ2 = 3.143, P = 0.089).
Discussion
The current study indicates that the amount of initial displace-
ment on plain radiographs is an important risk factor for AVN
in children with femoral neck fracture, as previously reported
[4, 7, 8] and that the incidence of AVN increased with the
severity and the direction of the displacement. However, sev-
eral studies have reported conflicting results [9, 10]. This con-
troversy may be attributed to the disagreement among the
multiple definitions of displacement and the relatively small
sample sizes of previously published studies [9, 10].
Our analysis found that the incidence of AVN significantly
increased with the severity of displacement. At present, most
studies have evaluated the effect of displacement on the inci-
dence of AVN by assessing fractures as “displaced” or “not
displaced” [4, 7–10]. However, this method of assessing frac-
ture displacement does not provide any information about the
role of amount (severity) or direction of displacement (trans-
lation and angulation) in the onset of AVN.
In the present study, both the amount (in degrees) and
direction (translation and angulation) of the displacement
were evaluated on the AP and lateral radiographs.
Interestingly, we found that the severity of displacement
correlates with an increased rate of AVN and an increased
Table 7 Sensitivity, specificity, and diagnostic accuracy of TAP, TL, AAP,
and AL to predict AVN
Direction of translation AVN (n) χ2 P
Yes No
AP radiographs No translation 4 16 2.039 0.363
Medial 7 11
Lateral 17 53
Lateral radiographs No translation 4 29 12.111 0.002#
Anterior 7 31
Posterior 17 20
Diagnostic accuracy = 100% × (true AVN + true non-AVN)/Total
TAP, percentage of translation related to distal fracture line on AP view of
radiographs
TL, percentage of translation related to distal fracture line on lateral view
of radiographs
AAP, the angle between the fracture lines on AP view of radiographs
AL, the angle between the fracture lines on lateral view of radiographs
Table 6 Analysis of AVN according to the amount of TAP, TL, AAP, AL,
and AFFAP
Initial displacement Correlation coefficient P
TAP (%) 0.232 0.016
#
TL (%) 0.339 < 0.001
#
AAP (°) 0.388 < 0.001
#
AL (°) 0.453 < 0.001
#
AFFAP (°) −0.037 0.701
TAP, percentage of translation related to distal fracture line on AP view of
radiographs
TL, percentage of translation related to distal fracture line on lateral view
of radiographs
AAP, the angle between the fracture lines on AP view of radiographs
AL, the angle between the fracture lines on lateral view of radiographs
AVN, avascular necrosis
# p < 0.05
Table 8 Analysis of AVN according to the direction of translation on
AP and lateral pelvis radiographs
Direction of translation AVN (n) χ2 P
Yes No
AP radiographs No translation 4 16 2.039 0.363
Medial 7 11
Lateral 17 53
Lateral radiographs No translation 4 29 12.111 0.002#
Anterior 7 31
Posterior 17 20
AP, anteroposterior
AVN, avascular necrosis
# p < 0.05
Table 9 Analysis of AVN secondary to comminuted fracture of the
medial cortex (AP radiographs) and of the posterior cortex (lateral
radiographs)
AVN(n) χ2 P
Yes No
Medial cortex Comminuted 9 7 8.994 0.005#
Without comminution 19 73
Posterior cortex Comminuted 8 11 3.143 0.089
Without comminution 20 69
# p < 0.05
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degree of vascular involvement in children with femoral
neck fracture. Previous studies have shown that the AVN
rate is higher in fractures that are secondary to high-energy
trauma and those with a greater amount of initial displace-
ment. This result is probably related to damage of vessels
supplying the femoral head at the time of injury [6–17].
Interestingly, we found the amount of initial translation in-
creased with the type of fracture although patients with type
III and type II fractures had similar AVN rate (P = 0.528).
Our results are in accordance with previous studies, which
reported that type of fracture cannot be considered a major
risk factor for AVN [9, 18]. Additionally, we found that
patients with more severe initial fracture displacement had
poorer quality of reduction than those with milder displace-
ment (Table 2). Several studies have reported that poor
quality of reduction could significantly increase the inci-
dence of AVN [5, 7, 19].
Our study also found that TAP% over 37.4% and TL%
over 29% were the cut-off values for increased incidence
of AVN (Figs. 3 and 4); similarly, AAP over 8° and AL over
18.6° were the cut-off values for increased incidence of
AVN (Figs. 5 and 6). ROC analysis found that the quality
Fig. 3 Radiographs of a 10-year-old girl with a displaced femoral neck
fracture. a Anteroposterior (AP) view of a Delbet-Colonna type-II
fracture, with the amount of initial translation (TAP) over 37.4%. b AP
view after closed reduction and cannulated screw fixation within 24 h
from injury. c 18 months after surgical treatment showing AVN of the
femoral head
Fig. 4 Radiographs of a 12-year-old boy with a displaced femoral neck
fracture. a Lateral (L) view of a Delbet-Colonna type-II fracture, with the
amount of initial translation (TL) over 29%. b AP view after closed
reduction and cannulated screw fixation within 24 h from injury. c 24
months after surgical treatment showing AVN of the femoral head
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of reduction negatively correlated with TAP%, TL%, AAP,
and AL (P < 0.05) (Table 2), while no significant correla-
tion between AFFAP and the type of fracture was found (P
= 0.722). Overall, the mean diagnostic accuracy of the
amount of translation (TAP% and TL%) was significantly
better than that of the amount of angulation (AAP and AL).
In our opinion, this finding may be more attributed to the
higher chances of direct injury and/or kinking of the ves-
sels supplying the femoral head during translation than to
angulation.
None of the previously published studies have investigated
the effects of the direction of displacement on the incidence of
AVN in children with femoral neck fractures. Our study found
that posterior translation was significantly associated with an
Fig. 5 Radiographs of a 7-year-old boy with a displaced femoral neck
fracture. a Anteroposterior (AP) view of a Delbet-Colonna type-III
fracture, with the amount of initial angulation (AAP) over 8°. b AP view
after closed reduction and cannulated screw fixation within 48 h from
injury. c 26 months after surgical treatment showing AVN of the femoral
head
Fig. 6 Radiographs of an 11-year-old girl with a displaced femoral neck
fracture. a Lateral (L) view of a Delbet-Colonna type-II fracture, with the
amount of initial angulation (AL) over 18.6°. b AP view after open
reduction and cannulated screw fixation within 24 h from injury. c 28
months after surgical treatment showing AVN of the femoral head
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increased risk of AVN comparedwith anterior translation (Fig.
7). In our opinion, when posterior translation occurs, it may
damage the deep branch of the medial femoral circumflex
artery (MFCA). Several studies have shown that the terminal
branch of the MFCA, the posterior–superior nutrient artery, is
the most important artery providing the blood supply to the
femoral head [20–22].
Interestingly, we also found that fractures with a commi-
nuted medial cortex on AP radiographs were significantly
associated with an increased rate of AVN compared with
those without (Fig. 8, Table 9). In our opinion, the higher
rate of AVN can also be explained by a higher chance of
damage to the MFCA because medial comminution is usu-
ally secondary to higher energy trauma that ultimately tends
to displace the medial column, where the MFCA runs, thus
making it more vulnerable to injury [20–22]. Additionally,
the mechanical instability of fractures with medial commi-
nution may also contribute to the increased AVN rate
Fig. 8 Radiographs of a 13-year-old girl with a displaced femoral neck
fracture. a Anteroposterior (AP) view of a Delbet-Colonna type-III
fracture with a comminuted medial cortex. b AP view after closed
reduction and cannulated screw fixation within 48 h from injury. c 17
months after surgical treatment showing AVN of the femoral head
Fig. 7 Radiographs of an 8-year-old boy with a displaced femoral neck
fracture. a Lateral (L) view of a Delbet-Colonna type-II fracture with a
posterior translation. b AP view after closed reduction and cannulated
screw fixation within 72 h from injury. c 26 months after surgical
treatment showing AVN of the femoral head
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[23–27]. In particular, Ripamonti et al. and Macahdo et al.
reported that a lack of medial cortical support increases the
risk of varus displacement [28, 29]. Moreover, through a
finite element model, Machado et al. found that the stress
on the femoral head significantly increases in models with
coxa vara deformity [29]. Several studies reported no asso-
ciation between the time of treatment or method of reduc-
tion of femoral neck fractures in children and the risk of
osteonecrosis of the femoral head; only 11/108 fractures
were treated more than 7 days from initial trauma and
90.2% were treated within 96 h [8, 30, 31].
It should be noted that there are still some limitations in
the present study. First, this is a retrospective study.
Second, the amount of rotation of the distal fragment could
not be considered because all measurements were per-
formed only on plain radiographs (AP and lateral view).
Therefore, it is possible that our measurements do not fully
reflect the true amount of initial displacement. However,
all radiographs were consistently assessed, and two expe-
rienced pediatric orthopedic surgeons performed all the
measurements. Thirdly, several patients (86.1%) could
not be treated within the first 24 h from injury because
most of them came from remote locations and requires
time to reach the referring institution (sometimes more
than one day of traveling). However, no significant corre-
lation between the rate of AVN and the time to reduction
and surgical fixation was found. Our results agreed with
previous studies, reporting time of fracture fixation cannot
be considered as a risk factor for AVN [8–10].
In conclusion, the incidence of AVN in children with
femoral neck fractures increases with the severity of initial
displacement. Translation over 37.4% and 29% on AP
(TAP%) and lateral (TL%) radiographs and angulation over
8° and 18.6° on AP (AAP) and lateral (AL) radiographs,
respectively, are associated with an increased risk of
AVN in children with femoral neck fractures. The amount
of initial translation is a better predictor of AVN than an-
gulation and fracture with posterior translation and/or me-
dial comminution has a significantly higher incidence of
AVN.
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